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Abstract (Basic) : EP 852400 A 

The device comprises two regions of a conductivity type, the second 
conductivity type being opposite to the first conductivity type. An 
isolation structure electrically isolates the two regions. A bipolar 
transistor is formed in the first region with a base of the first 
conductivity type. A second bipolar transistor is formed in the second 
region with a base of the second conductivity type. A first contact of 
the first conductivity type material is formed in the first region to 
allow the base of the bipolar transistor to be connected external to 
the first region. 

A second contact region of the second conductivity type is formed 
in the second region to allow the base of the second bipolar transistor 
to be connected external to the second region. An interconnect 
structure is external to the two regions which interconnects the two 
bipolar transistors to external resistors in an SCR-like configuration. 

USE - For integrated circuits fabricated with silicon-on-insulator 
technology. 

ADVANTAGE - Protects signal line of silicon on insulator integrated 
circuit against damage from electrostatic discharge events. 
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(54) BISTABLE PSEUDO SCR SWITCH FOR PROTECTING ESD OF SOI INTEGRATED 
CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To protect the signal line of 
an SOI integrated circuit against damage from an ESD 
(electrostatic discharge) by forming two transistors, a 
PNP transistor and an NPN transistor in active regions 
isolated from each other by an insulating field. 
SOLUTION: An oxide 46 is deposited as an insulation 
layer on a P substrate 41 and active regions 43, 45 are 
defined thereon while being isolated by a field oxide 
region 60. A P-channel transistor 44 is then formed in 
the N-type active region 45 while an N-channel 
transistor 42 is formed in the P-type active region. 
Consequently, a pseudo-SCR bistable switch is 
constituted and an integrated circuit fabricated by SOI 
technology is protected against electrostatic discharge. 
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PATENT 

IN^HE UNITED STATES PATEOT AND TRADEMARK OFFICE 



A BISTABLE SCR-UKE SWITCH FOU ESD PROTECnON OF SEL ICON- 
ON-INSTJLATOR INTEGRATED CIRCUITS 



TECHNICAL FIELD OF THE INVENTION 

The present mvcation reiatcs in general to electro static discharge protection 
for electronic circuits, and in particular to 4 bjstaWe SCR-Jike switch forprovidl/ig 
etectro static discharge protection fbr Integrated drcuits fabricated with SOI 
5 technoiosy. 
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BA.CKGROUND OF THE INVENTION 

Prior art electrostatic discharge (ESD) protection devices have been utilized 
for protecting mt^gr^ted arcuks from being damaged by the high voltage of ESD 
events. Silicon controlled rectifier (SCR) circuits have emerged as the preferred 
5 mode of protecting integrated circuits from ESD events. An SCR is a device which 
can quickly switch from a high impedance blocking made to a low impedance 
shunting latch mode when ESD cvcnta are encountered. SCRj arc fabricated as an 
integmi part of the integrated circuits . 

Recent advanqes in integrated circuits have included the further development 
10 of silicon-on-insulator (SOI) technology, in which an insulator layer is embedded 

within a substrate and extends beneath the active regions of an integrated circuit. A 
problem arises sinob SCRs, tho preferred device for protecting againet ESD evcms in 
integrated circuits, are not suitable for use in SOI integrated circuits. Prior art SCRs 
typically included two transistors, a PNP transistor and an NPN transistor, which 
)5 were formed into a substrate, such as a P-type of substrate. The substrate provided a 

common region of the two transistors, providing the base of one transistor and the 
collector of the other transistor. Prior art SCRs aJso typically included a wcIJ. such as 
an N-weU, which also provided a common region of the two transistors, providing the 
base of one transistor and the collector of the other irmnsistor. This arrangement of 
20 shared regions between the PNP and NPN transistors caused prior art SCRs lo go 
from a nortconduciive, blocking mode when a trigger voltage was applied to the 
SCRj, to latch In a conductive, shunting mode unt'ti the voftagc applied thereto fell 
beneath a holding voltage. Prior art SCRs can not readily be realized in SOI circuits 
since the portion of the substrate above the embedded insulator layer is relatively thin 

Aiiy.0kt>fo. TM0.073 
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such that field oxide msvlstors extend throu^ the top layer of substraio lo the 
embedded insulator layer, AJso, N+- and P+ regions typically extend through the top 
layer of substrate such that embedded resistors cannot be formed between doped 
regie OS separated by another doped re^on. 
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SZ/MMARV OF THE tNVENTIOS 

The present invention disclosed and claimed herein describes a bistable SCK- 
like switch for protecting a signal line of an SOI integrated circuit against damage 
'firora BSD eventa. The bistable SCR-lik« switch Is provided by two separate 
5 transistors which are formed upon an insulator without having a common, shared 

^emJconducfor region tJut provides an active portion for each of the tranfuctorc. Both 
of the transistors are fonried in an upper layer substrate overlying an insulating oxirfe 
layer erf" the SOC circuit, with the two transistors separated from one another by an 
insulating field region. Interconnection) extend between active portions of the two 
10 transistors, such that an ESD event will cause the bistable SCR switch to go from a 
high in^pedance blocking mode to a low impedarK;e shunting latch mode. First and 
second resistors are ijitercoruiected betw««iithe two transistor* to detemune trigger 
and holding voltages for the bistable SCK-fike switch. 

In another aspect of the present in vcntfon, the two transistors are bipolar 
transistors, with one being an NPN transistor and the other being a PNP transistor, 
both of which are fbrmed upon the oxide insLilating layer. The emitter of the PNP 
transistor provides an anode for the bistable SCR-like switch and is connected to a 
signal line of the SOI circuit being protected. A. first interconnect extends between 
the base of the PNP transistor and the collector of the NPN transistor. A second 
interconnect extends between the collector of the PNP transistor and the base of the 
NPN transistor. The «rrutter of the NPN transistor provides a cathode for the SCR- 
like bistable switch and is connected to a ground reference. A first resistor has one 
end connected to the emitter of the PNP transistor and the other end connected to the 
coifector of the NPN transistor, and the second resistor has a first end connected to 

Alty.DkLNo-'n-lO.OIS 



20 



(15) 10-294430 



the noUectof of the PNP transistor nnd e second end connected to the emitter of the 
NFN usuiastar to determine the tiiggtr voltage and the holding voJtagc for the 
bistabfe SCR-like switch. 
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BRIEF DESClUFnON OF THE DRAWINCS 

For a more ooxnpictc understanding of ihe present invention and the 
advantages thcreoi; refereace Is now made to die Following ctestmption taltcn in 
conjunctit^n with the accompanying Drawings in which: 



5 HGURE 1 ilJu5trates « cross- jearanal view of a pdoc art SCR included in an 

ijitegrated circuit; 

FIGURE 2 illustrates a schematic diagram of the prior art SCR depicted in 
HGIXRE I; 

FIGURE 3 iUustfotes a sectioned perspective view of a bistable SCR-JiJcc 
10 switch fabricated acccrcfing to ±c present invention; 

FIGURE 4 illustrates a cross-sectional view of the bistable SCR-Ulce switch of 
the integrated circuit of FIGURE 3, taJcea iJong section line 4-4; 

FIGURE 5 llfustrates a schematic diagram of the bistable SCR-like switch 
dcpiaed in FIGURES 3 and 4; 
IS FIGURE 6 iQustretcs a crou-scctional view of a semiconduciof substrate 

during formation of thcN-channe! transistor. LDD imptant; 

FIGURE 7 iUusirates a cross- sectional view of the lemiconductor substrate 
dun'ng formation ofthc P-channct transistor, LX>D implant; 

HOURS fi iiiustratcs a cross-scctfonat view of the semiconductor substrate 
20 during formation of the source/drain regions in the N^hannel iranststors; and 

FIGURE 9 Illustrates a scCtional ^ncw gf the semiconductor substrate during 
formation of the source/djTain regions in the P-channel transistors. 



(17) 



itt^sp 10-294430 



7 



DETAILED DESCRIPTTOW OF THE mVENTIOI^ 

Refemng now to FrOC/RE 1, there is illustrated a cross-sectional view a 
silicDn cooiTotJed rectifier (SCR) 1 0 of a prior art rnCegrated circuit 12. rntegracecf 
circuit 12 is formed with a substrate 14, which is preferably a P-subsrraie. An N-wcU 
5 1 6 ia disposed within the subMrate 14. A P+ region 1 8 aitd an N+ region 20 are 

defined wHhir Ihc N-well 16. The P+ regiw* 1 8 and the N+ region 20 are both 
conncgxed to a signal line 26 of the integrated circuit 12 which Is being proiecied. An 
N+ region 22 is dfiposed j'n the P-substratc 14, spaced apart from the N-well 16. A 
P+ region 24 'is formed wthin the P^bstrate 14, on an opposite «de of the N+ 

10 re^on 22 fi'om the N-wdl 1 6. The P+ region 24 is spaced apart Com the N-weU 1 6 
such that the portion of the P-subatrate 14 therebetween will provide a resistance I^. 
•AJso, the N+ region 20 is spaced apart firom the junction between the P-aubstrate 14 
and the K-weil 16 such that the portion of theN-well 16 disposed iherebetween 
provicies a reastancc K^,. The N+ region 22 and the P-h rcg^o/i 24 are both connected 

15 to a cathode node C. which is connected to a ground reference. 

Refening now to FIGURE 2, there is illustrated a schematic diagram of the 
SCR of the integrated circuit 12 depicted in HGURE 1 . The SCR 1 0 is comprised of 
a PNP transistor 28 and an NPN transistor 30. The emitter of the transistor 28 is 
connected to the anode A» which is connected co a pad of (he signal Ime 26. The base 
20 of the transistor 28 is connected to the collector of the transistor 30. The base of the 
transistor 30 is connected to the collector of the transistor 28. The emitter of the 
transistor 30 Is connected to the cathode of The SCR, which cathode Is labdcd "C", 
and is connected to a ground reference voltage. One bnd of a resistor 32 of resisunce 
is connected to the coHcctor of the tranaiator 30 and ihe base of the transistor 28. 
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The other end of the re^stor 72 is connected to the emitter of the imnsistor 28. One 
end of a resistor 34 of resfstince is connected lo the collector of the traasistor 38 
and the base of the transistor 30. The other end of the resistor 34 is connected to the 
emitter of the transistor 30» wtuch h connected to c&thode C. The resistance R^, of 
5 resistor 3 2 and tfte rcsiaianoc of reM»tor 34 arc selected to tlc^tcmuac the trigger 

voltage &nd the holding voltage of Che SCR. 

As illustrated in FIGTJREa 1 and 2, the resistance Rp of the resistor 34 is 
detcmuned by the spacing between the P+ region 24 and the N+ region 22, and the 

10 level and typo of dopants dispo««d in the portion of the P -substrate M extending 

therebetv/een. The resistance R„ of the resistor 32 is determined by the spacing 
between theN^ regfon 20 and the P+ region IS, and the level and type of dopants 
disposed in the region of N-well 16 eoacndirig therebetween. The transistor 28 
comprises an enutter provided by the P+ region 1 8, a besc provided by the N-weJl 

15 region 16, and a collector provided by the P- substrate 14. The transistor 30 

comprises an emitter provided by the N+ rcgioti 22, a base provided by the P- 
substrate 14, and a coJiector provided by thcN-wcIl 16, The tmnsstor 28 and the 
transistor 30 share a Bnt common semiconductor region, the N-wcH 16, which 
provides the base for the transistor 28 and the collector for the transistor 30. The 

20 transistora 28 and 30 share a second conunoa semiconductor region, the P-substratc 

14, which provides the collector of the transistor 28 and the base of the transistor 30. 

Refcrrfng now to FIGURK J, there is ftlustraied a perspective jeclioned view 
of a bistable SCR-liJce switch representing the pTcftrTe<i embodiment of the present 
invention. This is generally referred to as an integrated circuit 40. For illustrative 
25 purposes, the upper interconnect layer is not illustrated, this being illustrated 
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hcrcirbclow. AP-type substrate 41 provided which has fbrmcd therein an 
iniulating layer 46. The insulating layer 46 is an implanted layer formed according to 
silicon-on-insulator (SOT) technology techniques. This results in an upper layer of 
unoTddized substrate overlying the oxide layer 46, This upper layer substrate is the 
5 layer in which the active 6Ycujts are formed, this upper layer of substrate being 

between 0.01-3.0 microns thick. 

There arc two active regions defined therwn, an active region 43 and an acch/e 
region 45. These active regions are defined by first masktng off the upper layer of 
substrate and implanting P*type impunties to form the region 43 and ihen masking o£r 

10 the impianted N-type regions 43 and implanting H-type ioipuritles to form N-typc 

regions, the region 45. Thesftf of course, at this point in the process are adjacent 
regions. Thereafter, field oxide regions 60 are formed to separate the active regions 
43 and 45. This is achieved with conventional field oxide techniques utilizing either a 
LOCOS isolation process or a ircncb jsolarion process, both of these hc'mg 

15 conveotiotial processes. 

Once the active regions 43 and 45 are defined, the next step of the process 
will be to form transistors therein. In general, N-channel transistors are formed in the 
P-tvpc region 43 and P-channer transistors in the N-type region 45. It should be 
understood that there are a plumJjty of P-lype regions 43 on the substrate and a 
20 plurality of N-typc regions 45, These, of course, arc utilized to fabricate the other 

logic circuitry associated with the overall integrated circuit. 

For the SCR of the present invention, there are formed in the P-typc region 43 
two regions 48 and 50 separated by a gate electrode 49. This gate electrode 49, 



(20) 



^10-294430 



10 



as will be described hcrdrMow, is a dummy gitc electrode, provided such that the 
N+ regions 48 and 50 are formed with the source/draun process associated with 
conventional tmnsistcr Eechnology. In a similar manner, a ?-chaniicI transistor 44 is 
formed in ;he N-typc region 45. This results in a P+ rt^on 54 and a P+ region 5 6 
5 fonned therein separated by a channel region over which a gate electrode 57 is 

disposed, this gale electrode 57 being a dummy gate electrode. This therefore results 
in a P-channel trBujlstor 44 being formed in the N-type region 45 and aii N-channel 
transistor 42 fbrmed in the P-typc region 43. 

In addition lo the transistors 42 wid 44 fonmed in the regions 43 and 45, 

10 respectiveJy, a P+ contact region 52 is formed within the P-iypc region A3 and an N+ 

contact region 58 ia fbrmed in the N-type region 45. Also, it is noted that the 
rcgions 48 and 50 do not exieod along the cnttre length of the P-type region 43 and, 
similarly, the IH- regions 54 and 56 do not extend along the entire length of the K- 
typc region 45, They are utilized, rather, for the purpose of forming bipolar 

15 transistors in each of the tcspcctrvc regions 43 and 45. as wil! be descn*bed in more 

detail kerdnbelow. Thil structure resuits in connecting portions 51 Md53 of the P- 
type region 43, and oonnecrirtg portions 55 and S9 ofthe N-typo region 45 for 
connecting the P+ contact region $2 and thcNi- contact r^on 58 to respective ones 
of the channel regions extending between corresponding ones of the N-type regions 

20 48 and SO, and the P -type region* 54 and 56, Preferably, the connecting portions 51 

and 53 of P- type region 43 extend on opposite sides of the Source/Drain K+ regions 
48 and 50, with the lengths of the N-*- regions 48 and 50 extending ther^ctween to 
space apart portions 51 and 53. Likewise, the connecting the portions 55 and 59 of 
M-typc region 45 prijfcrably extend on opposite sides of the Source/Drain P-+- regions 

25 54 and 56, with the portions 55. and 59 also being spaced apan by the lengths of 

Aay UktKo. Tl-10,07) 
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regioiu 54 and 56. Funher^ the gate electrodes 49 and 57 &re dummy electrodes and 
do not need to extend up over the field isolation region 60, 

Refem'jig now to FIGURE 4, Ihtre is illustrated a more detai)ed cross- 
sectional view taken along section 4-4 ornOUBJ: 3. It can be seen thai the N+ 
5 regions 48 and 50 extend down to the oxJde layer 46. Prior to processing, of course, 

the oxide layer 46 was formed by a conventional process such as a SIMOX process^ 
which is operable to implant oxygen into the substrate which is then annealed such 
that the oxygen wili oxidize & portion of the substrate 41 and fomi the layer 46. 
However, it is noted that the thaclciess of the upper substrate layer in which the 

10 transistors 42 and 44 are fbrmcd is relatively thin, on the order of 0,01- 1,0 microns. 

As such, when theN+ regions 48 and 50 and theP4- regions 54 and 56 are formed, 
they typically will extend downward through the upper layer of the substrate 41 to 
contRct the oxide layer 46. Therefore, if the 1^+ regions 48 and SO and the regions 
54 tad 56 extended the entire /cngth of the respective regfons 43 and 45, there would 

15 be no communication between the P type and the N type dummy channel regions 

underlying the channels extending between respective ones of the N+ regions 48 and 
50 and the regions 54 and 56, respcclfvcly, and the remainder of corresponding 
ones of the P region 43 and the N region 45. As such, it is important to note that for 
the purposes of forming tha SCR-Iiko bistable switch of the present invention, that the 

20 reborn 48 and 50 and the P+ regions 54 sad 56 do not extend along the entire 

length of the associated regions 43 and 45. Additionally, it is noted that the P+ region 
52 and the N-*- region. 58 eictend downward to cont&ci the oxide layer 46. 

In subsequent processing ^teps, an upper level interconnect layer is formed. 
This layer can be formed In a conventional manner by first Forming vi« through a 



(22) 



!^m^l 0-294430 



12 



Uyer of ^er/evd oxfde «id th«i <i<^o«tfng a mctaJ (ayer thereon »d patterning the 
metftl From an Interconnection windpoint. a cathode "C" is fbrmed wWch is 

inTC/comwctftJ to tho W region 48 and the gaie elearode 49^ The N+ region 50 is 
connected to the N-^ regjon 58, which U forme^i in (he N-rypc region 45. by an 
5 interconnect 64. The P+ rcsion 34 and the P-H region 52, which « fomiecf In the P- 

typt region 43, are connected together by an intercomiect 62. The gate electrode 57 
of transirtor 44 is connected to the P+ region 55, this constituting the anode of the 
SCR-Iike bistable smtch, this anode being connected to a pad 65. 

Rcfening now to FIGURE 5, there is iOustraled a schematic diagram of the 
10 SCK-Iike bistable switch of the present invention. A PNP transistor 70 his the 

emitter thereof connected to the pad 65 on the anode, the anode represented by a 
ncxic 74, the base thereof connected to a rode 76 and the collector thereof canneacd 
to a node 7S. A resistor 72 has one end connected the node 74 and the other end 
corwecfccf to the node 76. An NPN" transistor 82 has the collector thereof connected 
15 to node 76, the bajc thereof connected to node 7B and the emitter thereof connected 
to the cathodfl, which is reprc«ntcd by a node SO, the cathode being connected to 
ground and the anode typically connected to input signal line, represented by pad 65. 
A resistor 75 has one end conncclcd to the node 78 and the other end goMccted to 
the node 80. 

20 The PNP transistor 70 it formed in the N-type region 45. The P-i- region 5G 

comprises the emitter and the P4- region 34 comprises the QoUector. whereas the N- 
cype rnatcrral of the region 45 comprises the base, the base basicaiiy existing in the 
"dummy channel" region of the trwwistor 44, In a similar manner, the NPN cransislor 
82 Is formed within the P-type region 43, wherein the emitter thereof is formed by tJie 
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N+ region 48, ibfe collector region formed by the N+ re^iGn SO and the base region 
being ft>»-incd within the ?-typc materia] of the region 43. The N+ rcstons 48 and SO 
must be configured such that (fiey do not confine th« dummy channel region disposed 
therebetween from the reminder of the P-tj^e region 43. This is such that ihe base 
5 thereof can be interfaced with the P-t- region 52. Since chc upper level ponion of the 

substrate overlying the oxide layer 46 is refaliVeiy thin and the K+ region* 4S and 50 
eTdend downwoTd ihereto>. it is ncoessar/ that there be a coadurtive path around the 
regions 48 and 50, 

Unlilce the prior art, the resistor 72 aad the resistor 75 are not fonrned in active 
1 0 Tti^tons of the trenaistors 42 and 44 of the preferred cmbodlmenL The resistor 72 is 

not formed in (he >3-.type region 4S bfrtwe«h the region 58 and the base of the 
PNP tnnsislor 70 in the tlummy cha/ind region underlying the gate electrode 57, 
Simiiarly, the resistor 75 is not formed in the P-type rc^on 43 between the P+ region 
52 and the base of thcNPN transistor Z2 in the dutnmy channel region underljing the 
15 gate electrode 49- Rather^ the resistors 72 and 75 are provided external to the 

transistorfi 42 and 44, such as by being fonned in doped portions of active regions 
other than those active regions in which iransi'stors 42 and 44 are formed. The 
resistors 72 u;d 75 can be formed in other active regions 66 and 63 as diiilised 
resistors or in the poly layer as poly resistors, with the interconnect layer providing an 
20 interconnect thereto. It should be also be noted that the gale electrodes 49 and 57 arc 
not required and, therefore, they could be removed from the substrate after fomvation 
thereof However, in. order to form the N+ regions 48 and 50 and the P-t- regions 54 
and 56, the gate electrodes 49 and 57 are required as a masking step, this being a 
conventional transistor formation process. 
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Referring now to FIGURE there la niustrated a cross-sectional diagram of a 
substrate for fi}rmlng the bistable SCR-Iikc transUtor of the present invention. The 
substrate, described above, is a P-type substrate which is referred to by reference 
number 92. An oxide fayer 94 is formed therein with an implantation mcihqd. Wich as 
5 the SIMOX method described above, ThU will resuJr in an overlying layer of silicon 

above the o»dde layer 94. Thereafter, ks also described hereinabove, masking 
techniques ate utilized in coiuunction wHh implantation techniques to fbm ?-weU 
regions 102 &nd N-weli regions 100. Trench isolation techniques or LOCOS Held 
oxide techniques are utilized to isolate the regions 100 and 102 with an isolation 

10 oxide region 95, noting that this region 98 extends downward to the oxide layer 94 

and becoihes a part thereof Thereafter, a layer of polycrystaJJine- silicon is deposited 
on the substrate as a coaformal layer and then patterned to form a gate electrode 108 
within region 102 «nd a gate electrode 109 within region 100. Prior to foming the 
conformal layer of polysQicon, a layer of gate oxida 1 06 is deposited, such that the 

IS resulting gate electrodes lOS and 109 are eeparatcsd from the subrtrate thereby. 

After formation of the gate, electrodes 108 and 109, the N-well region 100 is 
masked off and an LDD implant performed within the P-well region, with the gate 
electrode 108 providing a mask. The next step is to niasfc ofFthc P-region 102 a.nd 
perform an LDD implant into the N-rcgion 1 00, as iJJustrared in FIGURE 7. This 
20 resuhs in the formation of LDD regions 1 1 2 tn the transistor formed in re^on 102 

and LDD regions 1 1 6 in the transUtor fomned in the region ICO. 

In the next step of the process, as illustrated in FIGURE 8, aidcw^l oxide 
layers MB are formed on the vertical walls of the gate electrodes 108 and 109 with a 
conventional process. The stdewall oxide layers 1 1 8 provide spacers which arc 




(25) 10-294430 



13 



utiHzed to ap&ce suhsequenE sotirce/draJn implants ttKrefrom, Once the sidewall 
oxide spacers 1 18 are formed, the K-region 100 is maslced off and an implant of N- 
typo impurities performed into the substrate on chhers]6e of the gate electrode 10«, 
forming N+ sourcc/draia regiona 1 22, Also, rhe N+ r^on 123 is formed in the N- 
5 type region 100 at the same tiine as the «ource/drain regions 122 are formed in the P- 

type region 102. Thereafter, as illaatrated in FlGUItE 9, the region 102 is masked ofT 
and Impiante made into the region 100 to form P+ regions 1 26 on cither side of the 
gate electrode 1 09. AJm>, i P+ region 123 Is formed in the N-type region 102 at the 
same time the P+ sourcc/drain regions 126 are formed in the region j 00. 

10 It shoM be noted that the masking steps described above with reference to 

FIGUREft 6-9, are conventionai along the portion of the width of a transistor being 
formed which ejrtenda between and includes the Source/Drain regions of the 
transistor. For example^ the regiwi 100 is exposed in the marking operation to aifow 
forming of theN+ Source/Dmia regions 1 18 In the P-type region 10(2, with the gate 

15 electrode \0% defining the channel region thcrebclow in a self- aligned technique. 

However, these masking steps are not convertional along the length of the transistor 
bong formed, and the portion of the width of the traiutstor which extends on at least 
one #id«of the Sourc«/I>rain regiona for providing connective portions of the regions 
of the substrate ne^'on in which the transistor is being formed, For example, with 

20 respect to differences in masking along the length of the transistor being formed, as 
depicted in FIGURB 3, the connecting portions 51 and 53 ofP'type region 43 are 
disposed on opposhe sides of the. length of lheN+ regions 48 and 50 of the transistor 
42, and arc provided by masking off portions 51 and 53 prior to N4- regions and 
50 being Impiantcd. With respect <o the width ofthc tiaasistor being fuiined, the 

23 masking steps illustrated in FIOURXis 6-9 differ from conveniional mayking 
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techiiiqacs in th^t the portion of the region 102 In which the P+ region 128 is formed 
is rnosked off « the N+ regions 122 arc being implanted, as depicted m TIGVKE 8, 
and the portion of the region 100 in which the N+ region 123 is fonned is masked off 
&s the P+ regions 126 Arc being fonned, w depicted in FIGURE 9. 

Additionally, a portion cf the region 102 is also masked off to provide aP- 
type region for later formation of the separating portion of the F-type region 102 
disposed between the P-i- region ]28 and the most adjacent jource/drain region 122. 
Also, along the length thereof, the masking prevents the source/drain regions 122 and 
the LDD re^orw 1 12 from extending between the field oxide 98 boundaries along the 
length of the transistor. This provides for the above noted advantage of allowing the 
dummy channd regions to communicate with the rcmainins of the regions in which 
they are formed. Further, the advantage is that the NPN and PNP tnmsistora arc 
formed in the same procesa as conventional MOS type transistors. One difference 
between a conventional SCR and the SCR-Eke bistable switch of the present 
inven&'on is tirnt the>7PNand PNP trancistors must be formed in separate and isofated 
&ctivD ro^ons end tlierefbre require an interconnect layer to form the entire SCR-Iikc 
device. For this reason^ it is not a trae SCR. 

In sutnmary. there is provided an SCR-like bistable switch which is fonned 
utiiizing SOI technology. In this technology, an NPN transistor and a PNP transistor 
are formed in separate active regions which are isotated from each other by field oxide 
regions and the underlying embedded oxide layer. This requires an upper 
interconnect (ayer for interconnecting the two NPK and PNP transistors with the 
required resistances, which may bo formed in other active regions. 
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Although the preferred •mbodim«nt has been described in detail, it should be 
understood ihai various changes, substttuuons and altera.iions can be madetherebi 
vwthout departing from the $pint and scope of the invention as defined by the 
appended cWimt, 
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WBAT IS CLAIMED IS: 



1 . An ESD protection device for protecting an active circuit febricated In 
an SOI integrated circuity which active circuit is connected to an ESD susceptible 
lenninal, comprising: 

a first region of a 5rat conductivity type; 
5 ft second region of a second conductivity type opposite to »id firjt 

conduaivity type; 

an Uolation structure for dectricaJiy isolating sa{d first and second 

regions; 

k first bipolar trim^stor formed in said first region with a base of said 
1 0 first conductivity type; 

a ffocgnd bipo far transistor formed in said second region wjfh » base of 
said second conductivity type; 

a first contact of the first conductivity type material formed in said first 
re^on lo allow the basB of said first bipolar tran^stor to be connected external to said 
1 5 first region; 

a second contact region of the second conductivity type formed in said 
second tegion to allow the base of said second bipolar ironststor to be ccrincctcd 
external to said second region; and 

an interconnect structure external to said first and second regions for 
20 interconnecting said first and second bipolar transistors to txtemaJ resistors in an 

SCR-like configuration. 

2. ThtBSp protection device of CU;m 1, wherein; 

said f rst bipolar transistor is formed by forming an MOS transistor in 

Aity.DyLNo.TW0.Q75 
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said first re^on with first source/drain regions formed of the second conductivity type 
material and the channd region thereof comprised of the first conductivity type 
5 matenal, which said first source/drain regions form the collector and the emitter of 

said first bipotor transistor with the channel region thereof fDrrrung the base thereof, 
and 

said second btpohr transistor is formed by forming an MOS transistor 
in sdd second region with second lourcc/drain regions formed of the fir jt 
10 conductivity type material and the channel region thereof conn prised of the second 
conductivity type material, v^ierein said second source/drain regions comprise the 
coJteciorsnd the emittef of said Bccohd bipolar transistor. 

3. The BSD proteaion device according to Claim 2, wherein said 
isolation stmctura completely isolates said first and second regions. 

4. The ESD protection device according to Claim 3, wherein said first 
and second source/dram regions extend vertically downward from the surface of the 
respective one of said first and second regions to said uolalion structure, 

5. The ESD pnotectfon device according to Claim 4, wherein at tztist one 
of each of said jBrst and second source^drain regions does not extend the entire length 
of the respective oac of said first and second regions to allow conduction between the 
respective one of said first and second contacts and respective portions of said first 

5 and second regions defining said bases of respective ones of said first and second 

bipolar transistors which are disposed between respeaive ones of said first and 
second sounce/draiu regions. 
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6, A bistable switch fbr ESD protection of an SOI integrated circuit 
having an msuiator Jaycr, comprising: 

a. first transistor having a first P-type region connected to an anode, a 
second P-type region, and an intermediftke N-type region disposed between end 
3 adjoining said first and second P-type regions, 

a second transstor which is separately disposed from said first 
traiisistor with en electrical isolation region therebetween, and Koving a firji N-type 
region connected to a cathode, a second >J-type region, and an intermediate P-type 
region disposed bersveen and adjoining said first and second N-type regions; 
*0 wherein jaici interniddiate P-iypc rc^on is separately disposed and 

eiectricalJy isolated from said first and second P-type regions by said isolation region 
and the insulator layer of the SOI integrated circuit, and said intermediate N-type 
region is sepmtely disposed and efectrwaJIy i5Qla(ed from said first and second 
type regions by said isolation region and the insulator layer of the SOI integrated 
15 drcuit; 

A first inte;'coo«ection elcctHcaffy connecting said anode to a protected 
circuit of said SOI Integraced circuit; 

a second interconnection eiectrically connecting said intermediate N- 
type region to said second N»type region; 
20 a third inierconneciion electrically connecting said intermediate P-type 

region co said second P-type region; 

a fourth intcfconnectfon etectricaJ/y connectrng said cathode to a 
region of the SOI integrated circutr for shunting ESD current passing through the 
bistable switch; and 

25 an externa) interconnect 5tructtirc for interconnecting said first and 

second transistori to rsctemal resistors in an SCR-like configyration. 
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7. The bistabk switch according to Claim 6» wherein said first transistor 
is disposed within a P-wdl which U disposed upon an insulator of the SOI intesrated 
dmiit and said second cransistor Is disposed within an N-wclI disposed upon the 
infulator of the SOI integrated circuit. 

S. The bistable swicdi according to Cbi/n 6, wherein: 

said first transistor is disposed within an N-welJ which is disposed 
upon the insulator layer of the SOI integr&ted circuit and said second transistor 14 
disposed within a P-weli disposed upon the insulator layer of the SOI iatcgrated 
5 circuit; and 

said N*weU fbnns said intermediate N-typc region and ssud P-weJf 
forms said uttemiedi^te P-type region, with said N-wdl and said P-weJJ completely 
isolated by said isolation region and said insulatcw layer. 
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9. An SOI drctrit; compmmg: 

an insulator Uyer extending wtthin the SOI circuit and h&ving an 
insulator surface; 

a P-Tvdl disposed upon said insataior surface; 
5 a N-vycll disposed upoa said insulator surfscc^ spaced apan from said 

P-wclI; 

an dectricaf i^oJatJOrt region extending between said P-wdJ and said 
N-wcU, and downward to said insulator surface; 

first ^d second N-type regions disposed wititin said P-well, with said 
10 first N-type re^on spaced apart from said second N-typc region by an mtemiediatc 

region of »atd P-well; 

first and second P-type regions disposed within said N-well, with said 
first P-type region spaced apart from said «cond P-type region by an intenmediate 
region of said P'-wcIl; 

15 a first interconnection electrically connecting said first P-typc region to 

a protected drcuit of the SOF integrated circuit; 

^ second mtetconnectton electrically connecting said second P-type 
region tn said P-wdl; 

a third interconnection eiectrjcally connecting said second N*type 
20 re^on to Mid K~wcli; 

a fourth interconnection eleccricaUy connecting said first N-(yp« region 
to a discharge region of the SOI integrated circuit for shunting current assodated 
witKan ESD event being applied to said protected circuit through said first and 
second P-typc rcsions aad said intenmediate region of said N-wcU, and through said 
25 first and second N-type regions and said intermediate region of said P-well. io said 

discharge region of the SOI integrated circuit; 
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fifth and sixth xnterconnectiona for connecting said first P-type region 
10 one side of a. first external r6«i5tivft dovice, and said N-weU to the other side of the 
£irst ex{«nu{ TesTstTve device; and 
30 sixth and seventh intercoruiectfons for connecting szid first N-type 

region lo one side of a second external resistive device, and the other side of the 
second extentil resistive device to said P-welf. 
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10. A method for fabncatinc an SOI mtcgmted ctrcuit having BSD 
protecttoiv comprising the vteps of; 

providing a senueonduetor layer and subsurface insulator layer 
disposed bencs^th the semiconductor layer, with the semiconductor layer having at 
5 lefts: two ESD active regions and a plurality of MOS transistor active regions defined 

therein and separated by isolation regions, one of the ESD active regions facing an 
ESD N*well and the other of the ESD active regions bstng an ESD P-weU with the 
transistor active regjons bein^ transistor N-wells and P-wclls; 

introducing P-type impurities into two portions of th« N-well to define 
JO Srst and second P-type regjons which are separated by an intetrnediate portion of the 

N'wcll, wherein the first and second P*typc regions arc formed in accordance with the 
formation of source^drain regions in the transistor acthre regions and are separated 
therefrom by a channel region; 

introducing N-type impurities into two sections of the ESD P-well to 
1 5 define first and second K-typc re^ons which are separated by an intermediate portion 

of the P-weU, wherein the first and second K-type regions are formed in accordance 
with the formaHon of souree/droin regioo* in tho tr&n»stor active regions and are 
separated t/ierefrom by a c^iannef region; and 

interconnecting the second P-type region to the BSD P-well, the 
20 second N-type region to the ESD N-wctI, the first P-type region to a protected circuit 

of the SOI integrated circuit, the first N-lypc regjon to one side of a first external 
resistor, the other side thereof to the ESD P-well, the first P-lype region to one side 
of a second external resistor, the other side thereof to the ESD N-well. and the first 
N-type regton to a discharge region of the SOI integrated circuit for discharging 
25 current associated with ESD events from the signal line, through the ESD K-wdl and 

the ESD P-wefl to the discharge region of the SOI tntegrattd cucuic. 
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H. The method according to Claim 10, further comprising the steps of 
forming a first gate electrode above the intermediate portion of the 
ESD N-wcll, the first gate cCcctrode being foimed In accordance with the formation of 
gate electrodes in the transistor active regions; 

fbrming a second gats electrode above the intermediate portion oFthc 
ESD P-well,. the second gate electrode being formed in accordance with the formation 
of gate electrodes in the transistor active regions; 

connectmg the first gate eJcccrodc to the first P-typc region of the 
ESD P-well; and 

connecting the second gate electrode to the first N-type region of the 

ESD N-v/ca 
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1 2. A niBthod of fkhricAxins an BSD protection device for protecting an 
active circuit febricated In en SOI tntegrAted circuit, which active drcuit is connected 
to an ESD susceptible tcrmiiuil, compnsing the steps of^ 

formirvg a first region of a first conductivity type; 
5 forming a second region of a second conductivity type opporite to the 

first conductivity type; 

formiog an isolation stnjcture benveen the first and second regions for 
electrically isolating the first region Stom the second region; 

forming a first bipolar transistor in the first region with & base of the 
10 first conductivity type; 

fanning a second bipolar transistor In the second region with a base of 
the second conductivity type; 

formins a first contact of the first conductivity type matenaJ in the first 
region to allcw the base of the first transistor to be connected external to the first 
15 region; 

forming i second contact re^gion of the second conductivity type in the 
second region to allow the ba£e of the second bipolar transistor to be connected 
e«errval to the second region; and 

fbrming an interconnect structure exterruU to the first and second 
20 regions for interconnecting the first and second bipolar transistors to extern ai resistors 

in an SCR configuration. 

13. The method according. to Claim 22, wherein: 

the step of ibmung the first bipolar transistor comprises forming an 
MOS transistor in the first region with source and drain regions formed of the second 
conduclKnty type material and the channel region thereof fomied of the first 
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conductivity type materia, which source and drain regions form the collector and 
emitter of the first bipolar transistor with the channci region thereof forming the base 
Thereof; and 

the step of /bnmiig tJie second bipolar ivBsisktor comprise^ forrning an 
MOS transirtor in the aecond region with source and drain regions fonned of first 
conductivity type material and the channeJ region thereof formed of the second 
conductivity type materia!. wher«n (he source and drain regions comprise the 
coKector and emitter of the second bipolar transistor. 

14. Tha method according to Cialm 13, whcrei/i the isoUtlon structure 
completely isolates the first and second regions. 

1 5. The method according to Claim 14, wherein the source/drain regions 
are formed to extend vertically downward from the surface of the respective one of 
the Brst and wood reg/ons to the Isolatron gtructure. 

16. The method acoording to Claim 15, wherein at least one of the 
source/drain regions in each of the first and second regions are formed such that they 
do fKK extend the entire length of the respective ones of the first and second region* 
to allow conduction between the region between the aourccydrain regions and the * 
respective ones of the first and second contacts. 
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1 7, A method for ftbricating a SOI integrated circuit having: ESD 
protection, comprising the «t«p9 of: 

providing a semiconductor layer and subsurface insulator layer 
disposed beneath the semiconductor Jayer, with the sefTuconductor layer having 
5 isolation regions which deSne two active regions, one being an N-wcll and the other 

being a P-well which are separated by a portion of the isolation regions; 

fbnning a gate oxide above the K-wcll and the P-well; 

forming a £rst gate dectrode above the intermediate portion of the F- 

well; 

10 forming a second gate electrode above the intermediate portion of the 

N-well; 

performing a drain/sauroe impJant in two portions of the K-wei! with 

P-typc impuritie* to define first and second P-type resions which are separated by an 

intermediate portion of thcN-Wel]; 
15 porfomrking a diaia/source implant in two sections of the P-well with 

N-typc dopants to define first arid second N-type re^ons which are separated by an 

intermediate ponlon of the P-wcil; 

introducing P-typ« dopaiits into the portions of the first and second P- 

type regions of the N-well which are aside of the gate electrodes^ and in a region of 
20 the P-well which is spaced apart finom the first and second N-type rcgiona, to define 

P+ regions; 

introducing N-type dopants into the portions of the first and second N- 
type regions of tha P-well which are ^side of the gate electrodes, and in a region of 
the N-wcll which is spaced apart PVom the first and second P-type regions, to define 
25 N+ regions; 

interconnecting the first gate electrode to the first P-typc region of the 
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P-^ve^; 

interconnecting the second gate electrode to the first N-type region of 

the N-well; 

30 tnttffCOfineeting the Qtst P-(ype region ro one sfde of a first cNrtemal 

resistor, and the other side of the first external rcjistor to the N-well; 

uiterconneeting the first K-type resistor to one side of a. aecond 
resistor, and the other side of the second r&sistor to the P-well; and 

fomixig interconnectians to electricall/ connect the second P-type 

35 regioa to the P-weH, the second H-type region to the N-wcIl, the first P-type region 

IQ ft sgn^ line c'trcuit of the SOI ineegntted circuit, and the first N-typ« region to a 
ground reference of the SOI intcgrateti circuit for discharging ESD events from the 
protected circuit, throu^ the N-wclI and the P-wcU to the discharge region of the 
SOI integrated circuit. 
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1 Abstract 

A BISTABLE SCR-UKE SWITCH FOR ESD PROTECTION OF SILICON- 
Orf-INSULATOR nVTEGRATED CrRCUITS 



ABSTRACT OF THE DISCLOSURE 

A bist^le SCR-iifce switch (41) protects a sigiifii line (<55) of an SOI 
integrated circurt (40) against damage from ESD events. The bistable SCR-Irkc 
switch (41) is provided by a first and a second traasistora (42 and 44) which are 
formed upon the insulator layer (46) of the SOI circuit (40) and arc separated from 
one another by an insulating region (60). Interconnection* (62 and 64) extend 
between the twg tnmsistora (42 and 44) to connect a P region <62) ofa first transistor 
(42) to 8 P region (54) of the second transistor (44) and an N region (50) of the first 
transistor (42) to an N region (SS) of the second tramlsior (44). The transistors (42 
and 44) may b« either btpoiar transistors or enhancement type MOSFET transistors. 
Far-bipolar transistors^ the base of an NPN tr^5istor(42) is comieclcd to the 
collector ofa PNP transistor (44) and the base of the PNP transistor (44) is connected 
to the collector of th* NPN tronaiator (42). MOSFET tmpaiatore a« similarity 
connected, with the intermediate portion of the 7-w€« (4?) form/ng channel region of 
the N-channel transistor (42) connected to the drain of the P-channd transistor (44), 
and the K-w«U (45) formirs the channel region of the P-channd transistor (44) 
connected to the <irain of the N-channel transistor (42). Resistors (72 and 74) can be 
connected bewcen the two transistors (42 and 44) to determine the trigger and 
holding voftmges for the bistable SCR-fike switch (4 1). 
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